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Electrical cable, in particular for medium- or high-voltage power transmission or distribution, having a 
metal shield and a semiconductive water-blocking expanded layer. This layer exerts three main 
functions, the first one is to elastically and uniformly absorb radial forces of expansion and contraction of 
the cable coating layers due to thermal cycles of the cable during use, thus preventing deformations or 
breakages in the metal shield, the second one is to ensure electrical continuity between the cable core 
and the metal shield, the third one is to effectively avoid penetration and propagation of moisture and/or 
water along the cable core due, e.g., to possible ruptures in the metal shield. The third function is 
obtained by including in the expanded layer a water-swellable material. 
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"ELECTRICAL CABLE HAVING A SEMICONDUCTIVE WATER-BLOCKING EXPANDED LAYER" The present invention 
relates to an electrical cable, in particular for medium-or high-voltage power transmission or distribution, having a 
semiconductive water-t >cking expanded layer. In the c n t 1 ; ' J,' 
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to a voltage of between about : kV and about 30 kV. while the ternd'high wit sod to refer to voltages above 

30 kV. 

Cables for medium-or high-voltage power transmission or distribution generally consist of a metal conductor coated with a 
first inner semiconductive layer, an insulating layer and an cuter semiconductive layer. For some uses, in particular when 
it needs to be wate tight v e ct to the exterior, the cable is enclosed Inside a metal shield, usually an aluminium or 
copper shield, consisting or a continuous tube or a metal sheet shaped into a tube arid welded or eealed so as to be 
watertight, 

P Hirti [ iu ii i i v j> ti n „ h r LI ohmld which allow penetration of 

moisture or even water into the cable core with formation of electrochemical trees in the insulation layer, which can cause 
insulation failure. 

\ I I" - / h i nbed therein 

having, around the outside or the outer semloonduotive layer, a compressible layer- of a roamed piastre 1 si winch 
should prevent external moisture from reaching the insulation layer, thus avoiding formation of electrochemical trees. 
According that disclosure, the metal shield preferably maintains some pressure against the compressible layer so that 
no air or other fluid can travel aiong the interface between the compressible layer and the metal shield. As further 
insurance against passage or u < along the cable, the mere; Ik ; can be bonded to the compressible layer, "["he 
' itnore lie < 

Ruptures in the metal shield may be caused by the thermal cycles to which the cable Is subject as a result of the daily 
ria i r f iir \ ri; r > a! mo r iu : oi between 

ICH ^ I ,lc3 , " v 1 - ' , '! J('f 

cause dilation and subsequent contraction of the coating layers cf the cable, with consequent radial forces exerted on the 
metal shield. 

The metal shield can thus suffer mechanical deformations with formation of empty spaces between the shield and the 
outer semiconductive layer, which may give rise to non - uniformity in the electrical field. At the utmost, these deformations 
can i at to o ij t jit tip > < 

loss o! funetic t sh o : 

A possible solution to this problem is provided in US Patent No. 5,281,757, where the metal shield Is free to move with 
i < t - t"H has the :>v flapping edge portions bonded together by an adhesive which allows the 

» r m 1 1 h a t I i y < r a 

t i . v rr hied 3"d the cable 

core, if desired, the cushioning layer may be a water sweilabie tape or a water sweilabie powder instead of a foamed 
plastic material. 

According to the Applicant's experience, cable designs such as those described sn US-4, 145,56? and US- 5.281 ,757 are 
-i ' e jt ■ - 'at s- i - / me presence of a compressible layer between metal shield and cable core as disclosed 

in I s i 1 1 ~ In 

t 'it i 'I r i <•! >le layer. 

a water-sweliabie tape or powder However, the Introduction ot a water-sweliabie material under trie metal shield would 
ause se c 3 stitlon to const har rier agarn enetration of water 

iiid < iik, t - ^ i i r 1 n t r j iurti 

layer. A first fun ton fit v \ - < - - I t " < \ I t sf h art i. 

sin it nenj'-ly Ej t <- - - f i it i h^ t- / t m t >n i > r. urujt u rent 

The presence of an Insulating material such as a water-sweliabie materia! under the metal shield cannot ensure electrical 
continuity between the cable core and the metal shield. Moreover rVom the point of view of production and handling, the 
use of water-sweliabie tapes or of free water-sweliabie powders has many drawbacks. 

c 3 3 use of a - i Involve n appreciable Increase In cost? id? x s i productivity 

since he-e t - v -n i it t i het 

hand, the presence of free-flowing water-sweliabie powders makes production d - able quite 

cumbersome. 
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Finally, cables are-known in the art which are designed to attenuate the effect of the thermal cycles on the metal shield 
and at the same time to avoid propagation of moisture and/or water along the cable. These cable are provided with an 
outer serr x>nductiv< I r with \ " jed longitudinal gu r i s swellabie rr h form 

of powder. The V-sh u ould ensure i ontact between the semieondi netal 

shield, on the one nana, and should assist me elastic recovery of the thermal dilations by the material which makes up the 
semiconductive layer, on the other hand. 

However, producing < longitudinal grooves Involves the use of a semiconductive layer of high th:ckness (about 2 mm 

ghtc e cable In addition, the desired geometry of the 
i r i r r ^ -i ■< vrorrrteiy designed 

fi u i i ri it n f 

term? nevitool n i ti a . ' - g, r t jj * - i > e t j a -on u ^ifcr 

distribution of the pressure exerted on the metal shield and thus prevent t the semloondacnve layer from correctly carrying 
out its function of elastic absorption of the radial forces. 

Therefore. the cables according to t above prior art cannot effectively address t the problem of avoiding inn 
and propagation of moisture and/or water inside the cable core, and the problem of possible deformations or breakages of 
the metal shield due to t s cable the ycies, w i ms -a contact between metal shield and 

cable core. 



The Applicant has now found the above problems can be effectively solved by inserting, under the metai shield, a layer of 
an expanded polymer material having semiconductive properties and Including a water-swellable material. This layer is 
capable oi ejashcaiiy and uniformly absorbing radial forces oi expansion and contraction due to the emu cycles to 
whk„h the- 1 able i n j i i it i d he 

metal shield. Moreen w , - nit- k 

effectively block moisture and/or water, thus avoiding the use of water-swellable tapes or of free water-swellabte powders. 

hM a t i f i hi i i mi; j aun i 

layer, an outer metai shield and a layer of an expanded polymer material placed under the said metal shield, in that the 
layer of the expanded polymer material is semiconductive and Includes a water- swellabie material. 

In the following, the"layer of an expanded polymer material" wlii be concisely indicated as-expanded layer". 

I - he pre eni description and ciain tills understood to refer to a polymer material 

ait < i t > i - ' i i , u but by a 



In general, the percentage oi free space in an expanded polymer Is expressed in terms of the degree of expansion (G), 
which Is defined by the foiiowmg formula: G - (o'o/de-1 )•■ i 00 where do denotes the density of the non-expanded polymer 
and de denotes the apparent density measured on the expanded polymer, 

- o ' i i in i i tig 

t i i n i in ( whH h it is i --v Je i k t bta n. 

i he leg i f pans;- medei o as tc ensure that the id - if tf roans nd cent otic - 1 f 

t\"C w ^ id t . • v m • v ti -u>y so as to maintain the semiconductive properties, in general, the 
ci >f</f - c i r ^ • - h torn 10% to 200%, 

As regards the thickness of the expanded layer according to the present invention, this is equal to at least 0. 1 mm; it is 
preferably between 0.2 and 2 mm and even more preferably between 0.3 and 1 mm. Thicknesses below 0.1 mm are 
difficult to produce In practice and. r any case, only allow a limited compensation for the deformation, while thicknesses 
ttx re2i f f i dra pie, can r lents 

might justify the increased cost. 

According to a preferred f eie tricai cable according to t tiers al | 

semiconJuit \ \ j mg coating and the expanded layer. 

fne term"corn ct semiconductive i understood to a to a aver a ie< non-eKp , > active materia!, 

i. e. a materia! having a degree of expansion substantially null. 
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According to the Applicant's perception, this compact semicc 
preventing partial discharging, and thus damage to the cable 
between the insulating coating and the expanded layer. This 
semiconductlve layer, namely of about 0.1 mm or even less. 

As indicated above, the expanded layer includes a water swellabie material. As shown by the tests carried out by the 
'\( ,}i < in-; expanded layer :s ! i incorporate large amounts of water sweiiabie r i a! n the incorporated water- 
sv f able material is capable of expanding when the expanded layer is placed in contact with moisture or water, thus 
efficiently performing its water-blocking function. 

Tin v it II Jl i i r h f n i >n t utiiiq 

the water-sweiiabie powder have preferably a diameter not greater than 250 urn and an average diameter of from 1 0 to 
1 00 um. More preferably, the amount of particles having a diameter of from 1 0 to 50 urn are at least 50% by weight with 



copolymers; between scrylamide era:; sodium aoryiaie r example products 5GP Absorbent n ^ ■ ! na from 
Henkel AG); sodium carboxymethyiceilulose (for example the products Blanose&commat; from Hercules inc.). 

To obtain an fieetiy- wafer -biockint ;tio the amount of water-sweiiabie material to be included h< , s a 1 1, r 
Is generally of from 5 to 120 phr, preferably of from 15 to 80 phr {phr parts by weigh! with respect to 100 pads by weight 
of base polymer). 

Figure 1 shows a cross section of an embodiment of an electrical cable according to the present invention, of unipolar 
type, for medium-voltage power transmission. 

i in 1 ( al i >mpr ,< i < i i in > t > t a >r if 

< r k jn kn t v layer <A) n expanded layer ■5). a metal shield i t an outer sheath 

The conductor (1 ) generally consists of metal wires, preferably made of copper or aluminium which are braided together 
u n n n ' r , t. \ „i u I I mi i t da 

continuous metal tube or of a metai sheet shaped into a tube and welded or sealed using an adhesive material so as to 
make It watertight. The metal shield (6) is usually coated with an outer sheath (? ; consisting of a crosslinked or non- 
crosj iked polymer materia!, for example polyvinyl chloride (PVC) or polyethylene (PE). 

he joiyme i uch as, for example: 

p copolymers of d 5 olymers of a j r. polyesters 

jn t til hi it polysulphones. phenol resins, urea resins. j m::<:uies thereon Examples of suitable [ o! n are: 
p hylei \ ! j ity PE (LDPE), medium density PE (fvlDPE), high density PE (HDPE), linear low 

- > . ylt-^e 

copolymers rEPE) or ^ ^ . . terpolymers {EPDlVi); natural rudder: butyl rubber: e* >P ' ' A ester 

copolymers, for example ethyleiie/vlriyl acetate ;EVA); A copolymers. In \ r p ethylene/methyl 

acrylate (EMA). ethylene/'ethyl acryiate (EEA) and > n i > actylate (E8A); ethyierie/'aipha-oiefin thermopiastic 
copolymers: polystyrene; I t i r (ABS) resins: haiogenated polymers In particular polyvinyl 

chloride ;PVC); poiyurethane rPUR): poiyamides; aromatic polyesters such as polyethylene terephthaiate (PiET) or 
pclybutylene terephthaiate (PBT); and copolymers thereof or mechanical mixtures theieof. 

" ^ - !, ^ » > I I" n i r i * I a ' u, • ' i bo; -n 

in particular from: (a) copolymers of ethy ene At" . r-r jr => ample y y acetate or butyl 

acetate, in which the amount of unsaturated ester is generally between 5 and 80% by weight, preferably between 10 and 
a./ L, v ! i not - i - < i - e. j n " j ; ' is f i , <» Jn \ 

prefeojoly ethylene p'joyleti^ f< n<- f f ■ > > n> vi 

<BR> <BR> <BR> <BR> <BR> composition: 35-90% mole of ethylene, 10-65'd ; aii a-oiefm -10% mole of diene 
(for example 1 ,4- hexadiene or 5-ethyiidene-2-norbornene); (c) copolymers of ethylene with at least one C4-C :2 alpha- 
oiefin, preferably 1 -hexene, 1 -octene and the like, and optionally a diene, generally having a density of between 0.S6 and 
m < tk, v - ' - ' , r ' - y , ■> 7~ ^ r j ' v -' ■{ n< ~ _ K ' \ -< > - i 1 "^ofyrno! 
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em/le''e'G3-C 1 2 alpha- olefin copolymers, wherein the weight ratio between 
_ a :m o fed copolymer is between 90/10 and 10/90. preferably between 80/20 and 

20/80. 



yr r >rod "/ Scommat; (Du Pont), Levapren&commat; (Bayer) and LotryiO ■ Elf-Atcchem) 

are in class (a), products Dutrai&commat; (Enlchem) or NordelE {Dow-Du Pont) are in class (b), products belonging to 
r 1 fccomrnat; {Exxon while p< yr. opy!en« modifiec with 

n i i X nr at jr H oScomrnat; 

(Ivionteii), or also Fina-ProO (Fina), and the like. 

iA/it , , ) r ^ r> r f d t v rmopl , ti 

x v in , , 1 v ; , o ' i ' - 1 d- o" 1 1 Z pm) of s cured 

eiaston-iei k neric poiymer may 

be incorporated in the thermoplastic matrix in the uncured state and then dinamicaHy crosslinked during processing by 
ii 1 i i 3 i r v n i/ r t u r i > p :t 

then di h - , - a 

described, s. g. in US-4, 104,210 or EP-324,430. These thermoplastic elastomers are preferred since they proved to be 
particularly effective In eiasticaliy absorb radial forces during the cable thermal cycles in the whole range of working 
temperatures. 

Products known in the art for the preparation of semiconductive poiymer compositions can be used to give the poiymer 
material semiconductlve properties, in particular an electn inductive a 3on black can be used, for example 
t !< ' fn irn if i ' j ! t t 
than () " ) r ,a > ' < h mi in, n P I i ,beu e< hiving 

a surface area of at least 900 m2/g, such as, for example, the furnace carbon black known commercially under the 
tradename Ketjenbiack&eommat; EC (Akzo Chemie NV). 

r hi r i > i t ^ r 1 in i 3 U ii 

black used, the degree of expansion which it is intended to obtain, the expanding agent, etc. The amount of carbon black 
thus has to be such as to give the expanded material sufficient semiconductive properties, in particular such as to obtain a 
volumetric resistivity value for the expanded material, at room temperature, of less than 500 92. m, preferably less than 20 
Q-m. Typically, the amount of carbon black can range between 1 and 50% by weight, preferably between 3 and 30% by 
veigl t i : f 

The compact semiconductive layer optionally present between the insulating coating and the expanded layer, as well as 
the inner semioonduofive ^ both of compact type, are prep ated according , known techniques, In particular by 
extrusion, the poiymer material and the carbon black being selected from those mentioned above for the expanded layer. 

The insulating i i p: at drably prepared by extrusion of a poiyoieim selected Pom those mentioned above for the 

>a J - n t > - 'II Mrj'im,. 

the materia! is preferably crosslinked by known techniques, for example using peroxides or via siianes. 

lhe°xc s n d layer can be prepa ye* f the lyn ; i 3 

it r hi kin i material onto the core of the oabie, i. e. the assembly oi the conductor (1), Inner semiconductive layer (2), 
insulating layer (3) and optional compact semiconductive layer (6). The cable core can itself also be prepared by 
sxtrt sxt „c~o "hi ee layers according to known techniques. 

The poiymer material can be mixed with the semiconductive filler, the water-swellable material and other optional 
conventional additives according to methods known in the art. The mixing can be carried out, for example, using an 
interna! mixer of the type with tangential rotors (Sanbi y) or v 1 ating rotors, or alternatively in continuous 

mixers such as those of the type Ko-Kneader (Cu s). ot of the type co- 1 j 

?xp r l M-mall i out during <tn r f 1 -ake place either 

m , ll\ w\ Hi hi ,) ■ if :Ji i 0 <- n : 00 -t t 0 < x 0 : g - ,r -' r ; 1 i> / c o 

u H otetsjre inject! ;n I 1 fh 

expanding agent is preferably added to the polymer material only after addition of the fillers and other additives as 
described above and subsequent cooling of the mixture below the decomposition temperature of the expanding agent to 
avoid a premature expansion of the polymer. Particularly, the expanding agent can be advantageously added to the 
polymer composition during extrusion, s. g. through the extruder hopper. 
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Examples of suitable expanding agents are: azodicarbamitie, para-tc uentsi ie i Jie_ of o yanie acids 

(for example citric acid) with carbonates and/or bicarbonates (for example sodium bicarbonate), and the like. 



Examples of gases to be Injected at high pressure into the extruder cylinder are: nitrogen, carbon dioxide, air. low-boiling 
hydrocarbons, for example propane or butane, nalogenated hydrocarbons, for example methylene chloride, 
triehloroflucromethane, 1 -chioro-1,1- dlfluoroethane, and the like, or mixtures thereof. 

Preferably, the die in the extruder head will have a diameter slightly smaller than the final diameter of the cable with 

so that the expansion of the polymer outside the extruder allows to reach 

tnecies / > - 

The selected extrusion temperature mainly depends on the nature of the polymer matrix, of the expanding agent and of 
thee d dec c lly. an ext on temperature not lower than 1 40 "C is preferred to reach a sufficient 

degree of expansion. 

The expanded polymer materia! may or may not be crosslinked. The crosslinking can be carried out. after the extrusion 
and expansion phases, by known techniques, in particular by heating in the presence of a radical initiator, for example an 
org; nic r t > t j „ s ink n y t 

i >f r nif ' , 'v o ov" ft , it 

comprising at least one hydreiysabie group te - = nur. In- 

grafting of the sllane units can take place ? rac - ;tio with silane compound foi example methyl triethoxysllane, 

fimeftijl Ji In < ! c I \i r i 

crc , buiyltln diiautaie (DBTL) is ( irficularly 

preferred. 



) a preferred 



piasho deformation of the metal shield during the phase ol thermal contraction of the insulating layer. 

Eventually, the metal shield can be coated with a protective sheath which can be obtained, for example, by extrusion of a 
polymer materia t pi 

A few illustrative examples wdi be give; hereinbeiow to further describe the invention. 

> At i 1 ,t i a t fi r >n p > f 

The compositions are given in Table 1 (in phr). The components of the mixture were mixed together in a Banbury closed 
mixer (1 .2 1 working volume), loading first the base polymer, then, after a brief period of processing, the carbon black, the 
j » ell tbl powder and the other additives {excep: the expanding; agent). 

. v- .emeo out for about 6 min with a final temperature for the extracted material of about 150 °C. At the end 
^\ i nateria! being previously cooled to about 1G0 C C in order to 

avoid a premature decomposition ol the expanding agent. which woidd lead to uncontrolled expansion ol the pciymer. The 
mixture was Ik compression moulded at 160"C using a frame 200 < 200 mm ;n i and 3 mm In thickness. The mixture 
was added in amounts such as to obtain an initial layer i mm thick, so as to leave sufficient space for the pciymer to 
expand. The following characteristics were measured on the test pieces thus obtained: -apparent density, and then, 
knowing the density of the non-expanded material, degree of expansion was calculated according to the formula given 
al >«, r i 

The data are given in Table 1 . 



v ,r t ,< tew s produced using the polymer c up sitio f <ample 1 iccord > > 

structure scheme reported in Fig. 1. The polymer composition was prepared according to Example 1, but without adding 
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the expanding agent to avoid premature expansion of the composition. The expanding agent was introduced only during 
extrusion as described herelnbelow. 



The cable core on which the expanded layer was to be deposited consisted of an aluminium ccnduc 
section, coated with the following layers crcssilnked vie peroxide on a catenary iine: -an inner semic 
of EPR containing carbon biack (0.5 mm thick): -an insulating layer made of EPR filled with kaolin ({ 
outer semiconductive layer (compact) mads of EVA conta ' i t \ ~ 



To deposit the expanded layer on this cable core (having an outside diameter of about 23 mm), a 80 mm single-screw 
*t it r in -i nh\j j io 7- > : < o > I o> „ i< > - if p i \ h ? n in i ' " ic 1 , o< n> } 

I " lr ;< r n i i i li I Ml X" ' X I' 1 I PI J 

w i; ° r> if' ■ I, J ' - ni ' fn f i ! v x o ^ , > r i f . ^ u I i 



An electrically heated orthogonal extrusion head equipoed wits a conveyor belt with a double-suture line was used 
downstream of i extiuder. The following die assembly was used: tip die 24 r In diameter, ring compression die 24 
mm in diameter. The tip die was chosen with the aim of allowing easy passage of the core to be coatee, with a Oiametei 
about I n i 

' ' j' i, / nan me final diameter to be obtained, so as to prevent the material from expanding inside the 
extrusion heaci. 



The following heat profile (°C) was used foi tne extruder and the extrusion head: Feed Screw Zone Zone Zone Zone Zone 
Zone Collar Head throat 1 2 |3 4 S 6 20 neutral 160 170 |180 1S5 190 195 200 200 Tne thro . pf -re • * < ore to 
be coated was set as a function of the desired thickness of expanded material. In our ease, a line speed of 1 .2 m/min was 
used. 



I e y p> >vj 1 2 rpm He em 

finished diameter: 25 0 i n Co , xx '4 8 mm. 



The semi-finished product was cooied in air. Direct contact with the cooling water was avoided so as not to incur problems 
>f ccid< -ta r< Aft xioft ev e hi ;king powder. The semi-finished product obtained was subsequently wound on a 
reel. 



The material was deposited on the core m a fmckness o; about mm "fins material was etxpaixted chemically, by adding 
about 2% of the expanding agent Hydroceroi&commat; GF 70 (carboxyilc acid + sodium bicarbonate- into the extruder 
hopper. 



The electrical conductivity and the degree of exp n i 1 f It 

The degree of expansion measured was about 20%. 



Tests of expansion of the material in the presence of water (water-blocking effect) were also carried out: the material 
i ■ am u )!! t n f I t I j ii h itiiii tl 

volume. 



v ~ „ " , ' - - x 5-stamer was use , i c , r ding to 

present invention The composition is repoited in TaPie 1 (inclusive of the expanding agent that was adcied only during 
extrusion). Tne mixing was carried cut in the same Banbury mixer as described for Examples 1-2 with a mixing time of 
about f 0 min and a final temperature for the extracted material of about f 95 "C. After mixing, the material was granulated 
and sealed In plastic bags to avoid absorption of moisture. 



EXAMPLE 5 A medium-voltage cabie was produced using the polymer composition of Example 4, according to the 
structure sc~ - ^ 5 d in Fig. 1. 



u I ' - r i 14 " mm d'smefei < U d 

with the following layers, crosslinked via peroxide on a catenary line: -an inner semiconductive layer: product LE 0595 
from Boreal is (0.5 mm thick); -an Insulating layer made of XLPE (4.65 mm thick): -an outer semiconductive layer 
(compact): product LE 05 Q 5 from t - Ihirx). 
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Zone P A tie j t 0 200 200 The ex i 

through the extruder hopper. The line speed was 2.9 m/mirj. with a screw speed of 56 rpm. The thickness of the expanded 
layer after extrusion and cooling was 0.65 trim. 

The so obtained I was then wrapped h a laquered i j nt slip (thickness: 0.2 i r using an adhesive to bond 
the overlapping edges. Eventually, an external sheath made of PVC was applied by extrusion. 

Fwo 3 m f iri i < t > i i < r 

Specification KiF C 33-233 March 1998). After removal of a oenttal portion ■ length 50 n n of the external coatings to 
reach the out - jcave ia =?i I) he e oaeimens were immersed in water and kept at room temperature for 

24 hours, then subjected to 10 thermal cycles of S hours each (4 hours of heating up to 100 X, - - - at -g J a ca 
< liter i a ' h t j " t ti, h t < \ at 1 !"' or 20 

m at >nt >d n 1 k t c i a t ' .11 




Ketjenbiaok FC tAteo Chemle;.:'h:gh-conduot:vlty furnace carbon black; VvaferiookS J350 (Grain Pr; 



■0 e 43 urn; : Hydioceiois CF/'O iBoehenngei inueiiieinr;: earboxyllc acid-sodium bicarbonate expanding agent; lrganox# 
1010 : a ti k ' ' t, t 13- tS.o-dl-ten- buiy i-4 -hydroxyphenyl) propionate] P h t g a; o> "8802 FL 

dlstearyl thiodipropsonate tOSTDP) (Clba-Geigy). 



CLAIMS 1 f l> fit ' " < - -j- 3 v ^ t t i ,= r "a ' J (ting lave' xt t - 1 < 1 ie ' rd .1 iy< of an 
ex t i i < < sanded polymer 

material is semiconductive and includes a water- swellabie material 

P. Cab a ■ Jus ,la i i , ' > ti i >n , > i- to ensure 

>n an >n i ■ t t ua i ^ the 

semiconductive properties. 

he degree of expansion of the expanded layer is between 5% and 500%. 

4. Cable according to Claim 3, wherein the degree of expansion of the expanc e |C and 200% 

5. Cable according to any one of the preceding claims, wherein the thickness of the expanded layer is at least 0. 1 mm. 

id ,-d layer is between 0.2 and P mm. 

7. Cable according to any one of the preceding claims, also comprising a compact semiconductive layer placed between 
I' n<U iln t < t t /f d I tyc 

8. Cable according to Claim 7, whs on i * icondi - J - a - t <ness of from 0.1 to 1 mm. 

9. Cable according to Claim 8. wherein the compact semiconductive layer has a thickness of from 0,2 to 0.5 mm. 

10. Cable according to any one of the preceding claims, wherein the water-swellable material Is in the form of powder. 
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1 1 . Cable according to claim 1 0, wherein the water- swellabie material is in the form of powder - particle diame 
not greater than 25C im and an average particle diameter of from 10 to 100 urn. 

12. Cable according to claim 1 1 , wherein in the water-swellabie material the amount of particles having a diameter o? from 
1 0 to 50 urn are at least 50% by weight with respect the total weight of the powder. 

13. Cabie according to anyone of the previous claim?, wnerein It- « „ II I- . Ah /met or 
copolymer having hydrophilic groups along the polymer chain. 

14. Cable according to anyone of the pre» „ ^ ir ' , - i I i n< t tin an amount of 
from 5 to 120 phr. 

15. Cable according to claim 14, wherein the water- sweilabie material is present In an amount of from 15 to 80 phr, 

1 6. Cable according to any one of the preceding claims, wherein the polymer material which constitutes the expanded 
layer is an expandable polymer selected from: poiyolerins, copolymers of different olefins, copolymers of an olefin with an 

I rrixl rres 

thereof. 

17. Cable according to Claim 16. wherein the polymer material is an olefin polymer or copolymer based on ethylene 
arid/or propylene. 

18. Cable according to Claim 17, wherein t- a ooi» "<-r ^ „ \ r Mi in 
ethylenrc illj t t re fh im if > i ' < r I 3 i Ha^tomeric 
copolymer Itih n i i 1 < a n mpositlo 
90% mole of ethylene, 10-65% mole of alpha-olefin. 0-10% mole of diene; (c) copolymers of ethylene with at least one 
C4-C1 2 alpha-olefin, and optionally a diene, h 1 our! - J 
with ethylene/C3-C12 alpha- olefin copolymers, wherein the weight ratio between polypropylene and ethylene/C3-CI2 

<3f - ' i >0 

1 9. Cable according to claim 1 8, wherein the polymer material is a thermoplastic elastomer comprising a continuous 
r I t the thermoplastic 
polymer. 

20. Cable according to any one of the preceding claims, wherein the expanded layer has a volumetric resistivity value for 
the expanded material at room semperature of less than 500 Q-m. 

21 . Cable according to any one of the preceding claims, wherein the expanded layer comprises a predetermined amount 
of eiectroconductive carbon black. 

22. Cable according to Claim 21 , wherein the eiectroconductive carbon black has a surface area of at least 20 m2/g. 
° 3f!i c J»i t ? - t ' \' V tf ' - ; \!cic -t %0 m2/g. 

24. Cable according to any one of Claims 21 to 23, wherein the carbon black is present in amounts of between 5 and 80% 
by weight, 

25. Cable according to Claim 24, wherein the carbon black is present In amounts of between :0 -and 70% by weight. 

x; i f. xi cla:rns, \» he expanded layer > 

f v 2> t o t>- n ro- In M a < > i < 

expanding agent. 

28. Cable according to Claim 26, wherein the expansion of the layer is obtained during extrusion by high-pressure 
injection of a gas. 
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29. Cal-'le according :o any one or rns oreoeO:ng o airs, where^ the diameter or the expanded layer, in the absence of 
applied forces, is g^eaie- than :ne -rs-je ciirime-e; o? ;-e 'ne-.a: sn:ekt so as to obtain a pisdeierniined degree of 
preoorripression of ;he expanded layer a her :he metal shield has been applied. 
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